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OBJECTIVEdEthnic differences in type 2 diabetes risk between South Asians and white
Europeans originate before adult life and are not fully explained by higher adiposity levels in
South Asians. Although metabolic sensitivity to adiposity may differ between ethnic groups, this
has been little studied in childhood. We have therefore examined the associations among adi-
posity, insulin resistance, and glycemia markers in children of different ethnic origins.
RESEARCH DESIGN ANDMETHODSdCross-sectional study of 4,633 9- to 10-year-
old children (response rate 68%) predominantly of South Asian, black African-Caribbean, and
white European origin (n = 1,266, 1,176, and 1,109, respectively) who had homeostasis model
assessments of insulin resistance (HOMA-IR), glycemiamarkers (HbA1c and fasting glucose), and
adiposity (BMI, waist circumference, skinfold thicknesses, and bioimpedance [fat mass]).
RESULTSdAll adiposity measures were positively associated with HOMA-IR in all ethnic
groups, but associations were stronger among South Asians compared to black African-Caribbeans
and white Europeans. For a 1-SD increase in fat mass percentage, percentage differences in
HOMA-IR were 37.5% (95% CI 33.3–41.7), 29.7% (25.8–33.8), and 27.0% (22.9–31.2), re-
spectively (P interaction , 0.001). All adiposity markers were positively associated with HbA1c
in South Asians and black African-Caribbeans but not in white Europeans; for a 1-SD increase in
fat mass percentage, percentage differences in HbA1c were 0.04% (95% CI 0.03–0.06), 0.04%
(0.02–0.05), and 0.02% (20.00 to 0.04), respectively (P interaction , 0.001). Patterns for
fasting glucose were less consistent.
CONCLUSIONSdSouth Asian children are more metabolically sensitive to adiposity. Early
prevention or treatment of childhood obesity may be critical for type 2 diabetes prevention,
especially in South Asians.
Diabetes Care 36:1712–1719, 2013
The prevalence of type 2 diabetes hasbeen rising, both in the U.K. popula-tion (1) and worldwide (2,3). In the
U.K., there aremarked ethnic differences in
the risks of type 2 diabetes, which are par-
ticularly high among South Asians and to a
lesser extent black African-Caribbeans (4);
increased type 2 diabetes risks are also
apparent in these ethnic groups in the
U.S. (5,6). Recent evidence suggests that
ethnic differences in risks of type 2 diabe-
tes are apparent in childhood, with higher
levels of insulin resistance (a key precur-
sor of type 2 diabetes), glycated hemoglo-
bin (HbA1c), and (less consistently)
fasting blood glucose concentrations ob-
served in U.K. South Asians and to a lesser
extent black African-Caribbeans com-
pared with white Europeans by the age
of 10 years (7).
Excess body fat (adiposity) is an im-
portant independent risk factor for the
development of type 2 diabetes and insulin
resistance both in adults (8,9) and children
(10). However, the role of adiposity in
these ethnic differences in type 2 diabetes
is complex. In South Asian adults, it is
well-recognized that BMI underestimates
adiposity (11) and that body fat levels
(particularly of central body fat) are higher
than those of white Europeans (10,12–
14). However, in most studies, adjusting
for the higher body fat levels (usually as-
sessed using skinfold thickness or waist
and hip circumferences) has not accoun-
ted for the higher risks of diabetes and in-
sulin resistance observed in South Asians
(13,15–17). It has also been observed that
the risks of diabetes, insulin resistance,
and cardiovascular disease emerge at
lower levels of adiposity (particularly
BMI) in South Asian populations and
that their associations with adiposity are
stronger than those in white Europeans
(13,17). We have previously shown in
U.K. South Asian children that higher in-
sulin and HbA1c levels do not appear to
be explained by higher adiposity levels
(7,18). In a preliminary study, we also
showed that insulin resistance in U.K.
SouthAsian childrenmay bemore sensitive
to adiposity than in white Europeans (18).
However, this latter observation needs to
be substantiated in larger scale studies in
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O R I G I N A L A R T I C L E
which insulin resistance, glycemia marker
levels, and a range of adiposity markers are
assessed in children from the relevant eth-
nic groups.
We have therefore examined the
cross-sectional associations among adi-
posity, insulin resistance, and glycemia
markers in a study of ;5,000 children of
South Asian and white European origin
aged 9 to 10 years; we also report on as-
sociations among children of black Afri-
can-Caribbean origin. We hypothesized
that metabolic sensitivity to adiposity
would be greater in South Asians than
white Europeans. Several adiposity mark-
ers were assessed, including measures
based on skinfold thickness and bioimpe-
dance, which provide robust measures of
adiposity in this multiethnic population
(19), as well as BMI and waist circumfer-
ence. We have also included data on lep-
tin, an adipokine with circulating levels
that are strongly correlated with total
body fat percentage (20). Because other
studies have suggested that lower lean
mass may be an important determinant
of insulin resistance in young South Asian
men (21), we also report on the inﬂuence
of fat-free mass (FFM) on insulin resis-
tance and glycemia.
RESEARCH DESIGN AND
METHODSdThe Child Heart and
Health Study in England (CHASE) is an
investigation into the health of 9- to 10-
year-old British school children of South
Asian, black African-Caribbean, and
white European origin. Methods have
been described elsewhere (7). Ethical ap-
proval was obtained from the relevant
Multicentre Research Ethics Committee.
The study was carried out between Octo-
ber 2004 and February 2007 in a sample
of 200 state primary schools within Lon-
don, Birmingham, and Leicester. These
included 100 schools with a high propor-
tion (20–80%) of pupils of South Asian
origin, stratiﬁed to include balanced
numbers of schools with a high propor-
tion of Indian, Pakistani, and Bangladeshi
origin and 100 schools with a high pro-
portion (20–80%) of pupils of black Afri-
can-Caribbean origin, and stratiﬁed to
include balanced numbers of schools
with high proportions of black African
and black Caribbean origin. In all, 70%
of schools initially approached agreed to
participate and those that did not were re-
placed by a school in the same borough
with a similar ethnic composition. Parents
or guardians were sent invitation letters
(translated where necessary), and informed
written consent was obtained for all chil-
dren participating in the study.
Physical measurements and blood
analytes
A single survey team including three trained
research nurses carried out all measure-
ments; each observer measured approxi-
mately one-third of all children in each
ethnic group. All observers were trained in
measurement techniques at the start of the
study and reviewed at intervals throughout
data collection. Height was measured to the
last complete millimeter using a portable
stadiometer (Chasmors Ltd, London, U.K.).
Weight was measured to the nearest 0.1 kg
using an electronic digital scale (Tanita Inc,
Tokyo, Japan). Waist circumference was
measured to the last complete millimeter
at the midpoint between the lower margin
of the ribs and the pelvic crest in the mid-
axillary line. Skinfold thickness was mea-
sured in subscapular, suprailiac, biceps,
and triceps locations using a Holtain skin-
fold caliper (Chasmors Ltd, London, U.K.);
the sum of skinfolds was used in analyses.
Leg to arm bioimpedance was measured
using the Bodystat 1500 bioimpedance
monitor (Bodystat Ltd, Isle of Man,
U.K.); the validity of FFM (and fat mass)
using this instrument has previously been
demonstrated in children of this age
group (22,23). FFM was obtained using
an equation derived for children of a sim-
ilar age using dual energy X-ray absorpti-
ometry validation (22) and fat mass by
subtraction. Fat mass percentage was cal-
culated as a proportion of body weight.
Observers assessed pubertal status in girls
using the Tanner breast development
scoring system with participants in light
clothing (24).
A blood sample was collected after
overnight fasting. Whole blood was sent
overnight to the Department of Clinical
Biochemistry, Newcastle Hospitals NHS
Trust, for analysis. Serum and plasma
samples were separated immediately after
collection and frozen on dry ice. All
laboratory analyses were carried out blind
to participant ethnicity. Glucose was
measured in plasma using the hexokinase
method. HbA1c was measured in whole
blood by ion-exchange high-performance
liquid chromatography; HbA1c values
were recalculated to adjust for abnormal
hemoglobin variants or for increased
amounts of normal variant fetal hemoglobin
where present (in 15% of black African-
Caribbeans and in,1%ofwhite Europeans
and South Asians). Insulin was measured in
serum in the Department of Medicine,
University of Newcastle, U.K., using an
ELISA method, which does not cross-react
with proinsulin (25). The homeostasis
model assessment (HOMA) equations
were used to provide an estimate of insulin
resistance (HOMA-IR) (26). Serum leptin
was measured by an in-house radioimmu-
noassay validated against the commer-
cially available Linco assay at the BHF
Glasgow Cardiovascular Research Centre,
University of Glasgow (27).
Ethnic origin
The ethnic origin of participating children
was primarily deﬁned using the parental
self-reported ethnicity of both parents
where available or using parental infor-
mation on the ethnicity of the child. In a
small number of children (1% of partic-
ipants), for whom this information was
not available, ethnic origin was deﬁned
using self-reported information by the
child on their parental and grandparental
place of birth, cross-checked with observer
assessment of ethnicity. Children were de-
ﬁned aswhite European, South Asian, black
African-Caribbean, or other ethnic origin.
White European includes children whose
ethnic origin was deﬁned as white British,
white Irish, and white European (or a com-
bination of these) and excludeswhiteOther.
South Asian includes Indian, Pakistani,
Bangladeshi, and Sri Lankan (or a combi-
nation of these). Black African-Caribbean
includes black African, black Caribbean,
black British, and black Other (or a combi-
nation of these). The other ethnic group
includes all other categories of individual
and those of mixed ethnic origin; for exam-
ple, Asian other, white/black African, white/
black Caribbean, and white/Asian.
Statistical methods
Statistical analyses were carried out using
STATA/SE software (Stata/SE 12 for Win-
dows; StataCorp LP, College Station, TX).
Variables were checked for normality and
log-transformed where appropriate. Ad-
justed means were obtained using multi-
level linear regression modeling in which
school was ﬁtted as a random effect (to take
account of the clustering of children within
school); sex, age quartiles, andmonth were
ﬁtted as ﬁxed effects throughout. Likeli-
hood ratio tests were used to test for
heterogeneity in association with sex and
ethnicity. The strengths of associations
between adiposity and metabolic markers
are presented as percentage differences in
metabolic markers (HOMA-IR and fasting
glucose log-transformed, HbA1c untrans-
formed) per SD increase in adiposity
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measure in order to assess the strength of
association of each adiposity marker on a
standardized scale. For most adiposity
markers, associations with metabolic risk
markers were linear, except those for lep-
tin, which (as is common practice) was log-
transformed in analyses. Differences in the
associations by ethnicity were tested for by
including an interaction term between eth-
nicity and the adiposity measure. Due to
the presence of signiﬁcant differences be-
tween boys and girls in the strength of as-
sociation between metabolic risk markers
and adiposity markers (including FFM), an
additional interaction term between adi-
posity and sex was added to models exam-
ining ethnic differences in associations. The
shapes of these associations by ethnicity
are presented as graphs of metabolic risk
markers by quintiles of adiposity marker
(including FFM and height). Additional
analyses were carried out to determine
whether the associations examinedwere af-
fected by adjustment for height and puber-
tal status.
RESULTSdAmong 8,641 children in-
vited, 5,887 took part (68%), of whom
5,004 (85%) provided fasting blood sam-
ples. After exclusion of 7 children with
type 1 diabetes, analyses were based on
4,633 children (2,237 boys and 2,396
girls) with complete measurements of ad-
iposity and blood markers. Participation
rates were similar for white Europeans,
South Asians, and other ethnicity (69, 72,
and 70%, respectively) but slightly lower
for black African-Caribbeans (66%); par-
ticipant numbers for children of white
European, South Asian, black African-
Caribbean, and other ethnicity were similar
(n = 1,109, 1,266, 1,176, and 1,082, re-
spectively). All adiposity markers were
strongly correlated with each other and
with height, which was strongly correlated
with BMI (r = 0.39), waist circumference
(r = 0.48), sum of skinfolds (r = 0.33), fat
mass percentage (r = 0.28), and fat mass
(r = 0.47). Height was also strongly corre-
lated with FFM (r = 0.82).
Characteristics of study
participants
Summary characteristics of study partic-
ipants are shown in Table 1, overall and
separately by sex and ethnicity. Girls were
taller and had higher mean levels of adi-
posity markers than boys (including BMI,
waist circumference, sum of skinfolds, fat
mass, fat mass percentage, and leptin),
although a lower mean FFM. They also
had a higher mean HOMA-IR than boys, T
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Adiposity and insulin resistance among children
though HbA1c was similar and fasting glu-
cose lower. There were appreciable ethnic
differences in height, adiposity, FFM,
HOMA-IR, HbA1c, and fasting glucose.
Black African-Caribbeans were apprecia-
bly taller thanwhite Europeans and South
Asians. Mean levels of BMI, waist circum-
ference, and FFM were highest among
black African-Caribbeans, intermediate
amongwhite Europeans, and lowest among
South Asians. However, South Asians and
black African-Caribbeans had higher levels
of fat mass and fat mass percentage than
white Europeans. Mean sum of skinfolds
was higher among South Asians and similar
in black African-Caribbeans and white Eu-
ropeans. Mean leptin was highest among
South Asians, intermediate in black Afri-
can-Caribbeans, and lowest in white Euro-
peans. South Asians had the highest mean
levels of HOMA-IR, HbA1c, and fasting glu-
cose; black African-Caribbeans had inter-
mediate HOMA-IR and HbA1c levels,
though fasting glucose levels were similar
to white Europeans.
Adiposity markers, HOMA-IR, HbA1c,
and glucose: by sex
The associations between adiposity mark-
ers and insulin resistance, HbA1c, and
fasting glucose, expressed as percentage
differences for 1 SD increase in adiposity
markers, are shown for boys and girls sep-
arately in Table 2. All adiposity markers
and FFM shown were positively associ-
ated with insulin resistance, HbA1c, and
fasting glucose, with the exception of
FFM and HbA1c in girls. The strengths
of association for BMI, waist circumfer-
ence, sum of skinfolds, fat mass percent-
age, fat mass, FFM, and leptin were
generally quite similar within each sex.
However, several of these associations,
particularly those for BMI, waist circum-
ference, fat mass, FFM, and leptin, were
stronger in boys than girls.
Adiposity markers, HOMA-IR, HbA1c,
and glucose: by ethnic group
Associations among adiposity, insulin re-
sistance, and circulating glycemia mark-
ers are shown separately for different
ethnic groups in Table 3 and Supplemen-
tary Fig. 1, in analyses that allow for the
sex difference in adiposity–metabolic
marker associations described above,
with the inclusion of an interaction term
between sex and adiposity marker. In the
case of HOMA-IR, positive associations
with adiposity markers were apparent in
all ethnic groups. However, the slopes re-
lating adiposity markers and HOMA-IR
were steeper by between 20 and 40% in
South Asians compared with white
Europeans; these differences (most
marked for sum of skinfolds and fat
mass percentage) were statistically signif-
icant for all adiposity markers. Associa-
tions in black African-Caribbeans were
similar to those in white Europeans for
all adiposity markers. In the case of
HbA1c, both South Asians and black Afri-
can-Caribbeans showed positive associa-
tions for all adiposity markers, whereas
white Europeans showed little or no con-
sistent associations with adiposity. Differ-
ences between South Asians and white
Europeans were statistically signiﬁcant
for all adiposity markers, whereas differ-
ences between black African-Caribbeans
and white Europeans were statistically
signiﬁcant for BMI and leptin only. Fast-
ing glucose showed a less consistent pat-
tern, with positive associations with
adiposity markers of a similar strength
among South Asians and white Europe-
ans. Black African-Caribbeans, in con-
trast, showed little or no association
between adiposity markers and fasting
glucose, though statistically signiﬁcant
differences from white Europeans were
apparent only for BMI and sum of skin-
folds. These patterns are illustrated in
Supplementary Fig. 1, which shows the
associations between adiposity and insu-
lin resistance, HbA1c, and fasting glucose
Table 2dAssociations between adiposity and metabolic risk markers by sex
Outcome Adiposity marker SD†
Regression slope for 1 SD† increase in adiposity marker (95% CI) P value
(sex interaction)Boys (n = 2,237) Girls (n = 2,396)
HOMA-IR* BMI (kg/m2) 3.5 39.5 (36.7–42.4) 35.2 (32.3–38.2) 0.04
Waist circumference (cm) 9.5 39.0 (36.2–42.0) 34.2 (31.4–37.2) 0.02
Sum of skinfolds (mm) 24.0 35.2 (32.4–38.2) 34.0 (31.0–37.1) 0.56
Fat mass percentage (%) 9.1 32.4 (29.5–35.4) 30.3 (27.4–33.4) 0.33
Fat mass (kg) 6.2 39.1 (36.2–42.0) 34.2 (31.3–37.2) 0.02
FFM (kg) 4.2 35.6 (32.7–38.6) 28.6 (25.5–31.8) ,0.001
Leptin (ng/mL)* 0.95 44.3 (41.1–47.5) 37.7 (34.9–40.7) 0.003
HbA1c (%) 3 100 BMI (kg/m
2) 3.5 4.81 (3.57–6.04) 1.78 (0.44–3.11) ,0.001
Waist circumference (cm) 9.5 4.63 (3.38–5.89) 2.05 (0.74–3.35) 0.005
Sum of skinfolds (mm) 24.0 4.59 (3.32–5.86) 2.30 (0.97–3.63) 0.01
Fat mass percentage (%) 9.1 4.07 (2.77–5.36) 2.65 (1.34–3.96) 0.13
Fat mass (kg) 6.2 4.93 (3.68–6.18) 2.42 (1.09–3.75) 0.01
FFM (kg) 4.2 3.68 (2.44–4.93) 20.51 (21.93 to 0.91) ,0.0001
Leptin (ng/mL)* 0.95 4.85 (3.49–6.21) 2.69 (1.39–3.98) 0.02
Glucose (mmol/L)* BMI (kg/m2) 3.5 1.04 (0.74–1.35) 0.46 (0.13–0.78) 0.01
Waist circumference (cm) 9.5 1.06 (0.76–1.37) 0.44 (0.12–0.76) 0.01
Sum of skinfolds (mm) 24.0 1.00 (0.69–1.31) 0.61 (0.29–0.94) 0.09
Fat mass percentage (%) 9.1 0.69 (0.38–1.01) 0.41 (0.09–0.73) 0.21
Fat mass (kg) 6.2 1.01 (0.71–1.32) 0.41 (0.09–0.73) 0.01
FFM (kg) 4.2 1.43 (1.12–1.73) 0.39 (0.04–0.73) ,0.0001
Leptin (ng/mL)* 0.95 1.12 (0.79–1.45) 0.89 (0.58–1.21) 0.32
Regression slopes are percentage differences in risk markers for 1 SD increase in adiposity measure, adjusted for age quartiles, month, ethnicity, and random effect for
school. *Log-transformed variable. †Log SD for log-transformed adiposity marker.
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separately for different ethnic groups
plotted in ﬁfths of each adiposity marker.
The differences in HOMA-IR between
South Asians andwhite Europeans are ap-
parent even at low levels of adiposity and
tend to become more marked at higher
levels of adiposity (Supplementary Fig.
1A). Similarly, the differences in HbA1c
between both South Asians and black Af-
rican-Caribbeans and white Europeans
were apparent at low levels of adiposity
and became more marked at higher adi-
posity levels. Among white Europeans,
there was no appreciable increase in
HbA1c with increases in any adiposity
marker (Supplementary Fig. 1B). Patterns
for fasting glucose were less consistent,
though differences in glucose level among
Black African-Caribbeans, South Asians,
and white Europeans tended to increase
at higher levels of adiposity (Supplemen-
tary Fig. 1C). Additional analysis of asso-
ciations stratiﬁed by sex showed mostly
similar patterns in boys and girls, although
less consistently statistically signiﬁcant.
The ethnic differences in associations
among adiposity, HOMA-IR, HbA1c, and
fasting glucose were little affected by ad-
justment for pubertal status in girls (data
not presented).
FFM, height, HOMA-IR, HbA1c, and
glucose: by ethnic group
The associations among FFM, insulin
resistance, and glycemia markers were
also examined (Table 3 and Supplemen-
tary Fig. 1). FFMwas positively associated
with insulin resistance, to a similar degree
in all ethnic groups. However, associa-
tions between FFM and glycemia markers
were less consistent. FFM was positively
associated with HbA1c in South Asians
but not in white Europeans or black Afri-
can-Caribbeans, whereas it was positively
associated with fasting glucose in South
Asians and white Europeans and to a
lesser extent in black African-Caribbeans.
Because it has been suggested that ethnic
differences in leanmass rather than fatmass
could be important in the high risk of type
2 diabetes among South Asians (21), we
have examined the associations between
fat mass and metabolic markers, taking
FFM and height into account, and the as-
sociations between FFM and metabolic
markers, taking fat mass and height into
account (Supplementary Table 1). The eth-
nic differences in associations among fat
mass, HOMA-IR, HbA1c, and fasting glu-
cose were not materially affected by adjust-
ment for FFM and height. Similarly, the
ethnic differences in the associations of
FFM with HOMA-IR, HbA1c, and fasting
glucose were largely unaffected by adjust-
ment for fat mass and height.
The effect of adjustment for height in
the analysis of ethnic differences in the
associations among adiposity, HOMA-IR,
HbA1c, and fasting glucose are shown in
Supplementary Table 2. The associations
among adiposity, HOMA-IR, and fasting
glucose (but not HbA1c) were weakened
by height adjustment in all ethnic groups.
However, the pattern of ethnic differences
in associations among adiposity, HOMA-IR,
and HbA1c remained similar.
CONCLUSIONS
Summary of ﬁndings
The results of this study, the ﬁrst to our
knowledge to examine ethnic differences
in the associations between type 2 di-
abetes precursors and adiposity in U.K.
children of South Asian, black African-
Caribbean, and white European origin,
showed marked ethnic differences in the
associations between adiposity and met-
abolic risk markers (HOMA-IR, HbA1c,
and fasting glucose). In particular,
South Asian children showed stronger
Table 3dAssociations between metabolic risk markers and adiposity by ethnicity
Outcome Adiposity marker
Regression slope (%) for 1 SD† increase in adiposity marker (95% CI)
White European
(n = 1,109)
South Asian
(n = 1,266) P value‡
Black African-Caribbean
(n = 1,176) P value‡
HOMA-IR* BMI (kg/m2) 36.6 (32.1–41.1) 44.0 (40.0–48.2) 0.02 34.1 (30.4–38.0) 0.42
Waist circumference (cm) 34.6 (30.4–38.9) 41.3 (37.4–45.2) 0.02 35.2 (31.1–39.4) 0.83
Sum of skinfolds (mm) 32.6 (28.3–37.0) 43.0 (38.8–47.3) ,0.001 29.7 (25.9–33.6) 0.33
Fat mass percentage (%) 27.0 (22.9–31.2) 37.5 (33.3–41.7) ,0.001 29.7 (25.8–33.8) 0.35
Fat mass (kg) 35.5 (31.0–40.1) 45.6 (41.3–50.0) 0.002 31.7 (28.2–35.4) 0.20
FFM (kg) 33.7 (28.9–38.6) 34.6 (30.5–38.7) 0.77 31.7 (27.7–35.9) 0.55
Leptin (ng/mL)* 40.0 (35.6–44.6) 49.7 (45.4–54.2) 0.002 34.9 (31.1–38.8) 0.08
HbA1c (%) 3 100 BMI (kg/m
2) 0.69 (21.31 to 2.69) 4.39 (2.68–6.11) 0.01 3.65 (1.93–5.37) 0.03
Waist circumference (cm) 1.04 (20.86 to 2.95) 4.45 (2.79–6.11) 0.01 3.52 (1.67–5.37) 0.07
Sum of skinfolds (mm) 1.16 (20.80 to 3.11) 4.98 (3.22–6.74) 0.004 3.77 (2.03–5.51) 0.05
Fat mass percentage (%) 1.64 (20.23 to 3.51) 4.37 (2.60–6.14) 0.04 3.54 (1.76–5.33) 0.15
Fat mass (kg) 1.04 (20.96 to 3.04) 5.63 (3.83–7.43) ,0.001 3.59 (1.94–5.23) 0.05
FFM (kg) 20.92 (23.01 to 1.17) 3.09 (1.34–4.84) 0.004 1.77 (20.01 to 3.55) 0.05
Leptin (ng/mL)* 1.48 (20.47 to 3.43) 4.38 (2.56–6.20) 0.03 4.90 (3.15–6.66) 0.01
Glucose (mmol/L)* BMI (kg/m2) 0.97 (0.48–1.46) 1.00 (0.58–1.42) 0.92 0.20 (20.22 to 0.62) 0.02
Waist circumference (cm) 0.85 (0.39–1.32) 0.85 (0.45–1.26) 0.99 0.22 (20.22 to 0.67) 0.06
Sum of skinfolds (mm) 0.98 (0.51–1.46) 1.03 (0.60–1.46) 0.89 0.26 (20.16 to 0.68) 0.03
Fat mass percentage (%) 0.57 (0.11–1.02) 0.76 (0.33–1.20) 0.53 0.11 (20.32 to 0.54) 0.15
Fat mass (kg) 0.83 (0.34–1.32) 1.00 (0.56–1.45) 0.60 0.22 (20.17 to 0.62) 0.06
FFM (kg) 1.23 (0.73–1.74) 1.05 (0.63–1.48) 0.58 0.56 (0.13–0.99) 0.04
Leptin (ng/mL)* 1.20 (0.73–1.68) 1.06 (0.61–1.50) 0.66 0.60 (0.17–1.02) 0.06
Regression slopes are percentage differences in risk markers for 1 SD increase in adiposity measure, adjusted for age quartiles, month, sex, an interaction between sex
and adiposity marker, and random effect for school. *Log-transformed variable. †Log SD for log-transformed adiposity marker. ‡Difference in slope compared with
white European.
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associations among adiposity, insulin re-
sistance, and HbA1c than white Europe-
ans. Black African-Caribbeans showed
stronger associations between adiposity
and HbA1c than in white Europeans,
who showed no association between adi-
posity and HbA1c. These patterns were,
however, less apparent for fasting glucose,
which showed weak positive associations
for South Asians and white Europeans but
no consistent associations among black
African-Caribbeans.
Relation to previous studies
Previous studies have shown that the
higher risks of type 2 diabetes and insulin
resistance in South Asian adults are not
accounted for by their higher levels of
adiposity, particularly central adiposity
(13,15–17). The results of the current
study, showing that both insulin resis-
tance and HbA1c levels are higher in
South Asian children than white Europe-
ans, are consistent with earlier studies
in adults, adolescents, and children
(4,13,15,18,28,29). The ﬁnding that
higher adiposity levels are apparent in
South Asians, despite their lower BMI lev-
els, is also consistent with earlier evidence
both in adults and children (10,11,14).
Our ﬁndings that the positive associations
of adiposity markers with insulin resis-
tance and HbA1c in South Asians are
stronger than those for white Europeans,
suggesting a greater metabolic sensitivity
to adiposity among South Asians, are con-
sistent with our earlier report in children,
based on a much smaller study (18), and
with the results of some previous studies
in adults (13,15,17). These particularly
included the study of U.K. South Asians
and white Europeans by McKeigue et al.
(13), which showed that the associations
among waist/hip ratio, diabetes risk, and
insulin appeared to be stronger in South
Asians than white Europeans, and a re-
port from the Nurses’ Health Study (15),
which showed that the impact of a ﬁve-
unit increment in BMI on type 2 diabetes
incidence was more than twice as large in
Asians compared with whites (an 84% in-
crease vs. 37% in whites). In addition, in a
Canadian study, the association between
BMI andHbA1c appeared steeper in South
Asians than in whites (17). However, a
further Canadian study showed a similar
association between BMI and type 2 dia-
betes risk in South Asians and whites,
though the association in Chinese Asians
was considerably steeper (30). Other
smaller studies both in adults and adoles-
cents have not consistently observed
ethnic differences in adiposity–insulin re-
lationships, possibly reﬂecting their lim-
ited precision and statistical power
(10,31).
Published data comparing the associa-
tions among adiposity, insulin resistance,
and glycemia among black African-
Caribbeans and white Europeans are lim-
ited, with no previous U.K. reports. The
results of the current study, showing that
black African-Caribbean children have
higher levels of insulin and HbA1c, are
consistent with differences between Afri-
can American and white adults and chil-
dren reported in the U.S. (32–34). The
similar associations observed in this study
between adiposity and insulin resistance are
consistent with a previous report from
the U.S. showing that the incremental ef-
fects of BMI on fasting insulin levels were
similar among black and white adolescent
girls (35). Although we observed stronger
adiposity–HbA1c associations in black
African-Caribbeans compared with white
Europeans, associations between adiposity
and diabetes risk in black Americans were
similar to those in white Americans (15,36)
or showed inconsistent patterns inmen and
women, with little overall difference (37).
Strengths and limitations
Strengths of the current study include its
large size and balanced samples of U.K.
South Asians (including Indians, Pakista-
nis, and Bangladeshis) and U.K black
African-Caribbeans (including both Afri-
can and Caribbean groups), drawn from
three cities that together account for more
than two-thirds of all U.K. South Asians
and black African-Caribbeans. Although
response rates were moderate, children
who did or did not provide a blood sample
were similar in sex proportions, mean
height, and weight; ethnic differences in
response rates were limited. We used
HOMA-IR, a moderately strong marker of
insulin resistance (38); similar ﬁndings
were observed with fasting insulin, which
was very strongly correlated with fasting
insulin in this study population (r = 0.99)
and is a comparable marker of insulin re-
sistance (38). The inclusion of HbA1c mea-
surements, reﬂecting postprandial as well
as fasting glucose levels (39), is likely to
have strengthened the ability of the study
to detect early changes in glycemic control,
reﬂected in the more consistent associa-
tions between adiposity and HbA1c than
were observed for fasting glucose. The
study included several independently valid
measures of adiposity based on skinfold
thicknesses, bioimpedance (40), and
serum leptin (41,42) as well as BMI and
waist circumference, all of which showed
comparable overall associations with
HOMA-IR and HbA1c and similar patterns
of ethnic differences. Although these mea-
sures are likely to have provided an accu-
rate view of the associations among general
adiposity, insulin resistance, and glycemia,
none would have been expected to provide
an accurate measure of visceral adiposity,
which requires separate investigation in fu-
ture studies. Although skinfold thickness in
particular is prone to observer bias, efforts
were made to limit observer bias and its
effects by observer training and review
and by study-design features (ensuring
that each observer measured approxi-
mately equal proportions of children of
each ethnic group and sex). It is unlikely
that observer bias was important because
adjustment of ethnic differences in associ-
ations between metabolic risk markers and
adiposity for skinfold observer had no ef-
fect on the results, which were similar for
all adiposity measures. An important po-
tential limitation with bioimpedance mea-
surements was the use of a single equation
to derive FFM (and indirectly fat mass and
fat mass percentage) from bioimpedance
for all ethnic groups (43). However, we
have recently conﬁrmed the validity of
the bioimpedance equation used in this
study (22) in 900 U.K. children of South
Asian, black African-Caribbean, and white
European origin and observed that the use
of ethnic-speciﬁc bioimpedance equations
do not materially affect the study results
(C. Nightingale, A. Rudnicka, D. Cook,
P. Whincup, unpublished observations).
Although pubertal assessmentwas only car-
ried out in girls in the current study because
boys would not be expected to enter pu-
berty until a later age (44–46), adjustment
for pubertal status in girls had no important
effect on the results. Moreover, the similar-
ity of the main ﬁndings in girls and boys
suggests that differences in puberty do not
account for the study ﬁndings.
Implications
The results of this study suggest that the
South Asian phenotype related to diabetes
risk is not simply an increase in insulin
resistance and levels of glycemia markers,
but also includes an element of greater
metabolic sensitivity to higher overall body
fat levels, particularly affecting insulin re-
sistance and postprandial glucose in this
age-group. This ﬁnding does not simply
reﬂect the underestimation of body fat
levels by BMI among South Asians [already
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reported in the current study population
(19)], since it is observed with other adi-
posity markers based on bioimpedance,
skinfold thickness, and serum leptin,
which do not underestimate body fat levels
in the same way (19). The ﬁnding that the
associations between adiposity and insulin
resistance are more consistent than those
for glycemia may reﬂect the role of b-cell
function as a determinant of glycemia (47).
The patterns observed do not appear to be
explained by ethnic differences in FFM,
though further assessment of its role is
needed. In the current study, FFM is pos-
itively related to insulin resistance in all
ethnic groups and less consistently to gly-
cemia; however, adjustment for FFM did
not account for the observed ethnic differ-
ences in the associations among fat mass,
insulin resistance, and glycemia. The rea-
sons for the altered metabolic sensitivity to
adiposity remain unclear, but may reﬂect
the inﬂuence of other exposures differing
by ethnic group and operating in child-
hood, infancy, or fetal life. Such factors
might include childhood dietary factors
or physical activity, both observed to differ
between South Asians and white Europe-
ans (48,49). The inﬂuence of growth and
nutrition in utero (e.g., on pancreatic de-
velopment) or speciﬁc genetic inﬂuences
could also be important. The results have
important potential implications for efforts
to prevent type 2 diabetes and other
chronic diseases in U.K. South Asians. In
particular, efforts to control excessive
weight gain and fat-tissue accumulation
need to be established as a priority in child-
hood, especially among South Asians. The
results of the current study emphasize the
importance of this issue. However, despite
the importance of avoiding excessive fat ac-
cumulation in childhood, the results sug-
gest that control of adiposity alone will not
abolish the South Asian-white European
differences in insulin resistance and
HbA1c; ethnic differences in these markers
are present, although diminished in size,
even at the lowest body fat levels. These
ﬁndings are likely to have particular impor-
tance in the Indian subcontinent, where ris-
ing adiposity levels are a major and growing
concern (50), and.100 million people are
projected to have diabetes by 2030 (2). The
ﬁndingsmay also be relevant for other Asian
populations (for example, in China),
though this has yet to be established.
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